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Summary
Objective: To evaluate the effect of medial tibial plateau (MTP) alignment of serial radiographs on the capacity to detect associations between
baseline characteristics and progression of joint space narrowing (JSN) in knee osteoarthritis (OA).
Methods: Standardised posteroanterior weight-bearing knee radiographs of 83 knee OA patients were obtained at baseline and after 24
months using the non-ﬂuoroscopic ﬁxed-ﬂexion protocol. Minimum joint space width (JSW) of the medial tibiofemoral joint spaces was mea-
sured manually in paired radiographs. Progression of JSN was deﬁned by a change in JSW larger than the smallest detectable difference
(0.4 mm). Satisfactory MTP alignment was present if the distance between the anterior and posterior margins of the MTP was 1 mm. Stand-
ardised questionnaires were used to record age, sex and body mass index. Medial tibiofemoral JSN and osteophyte severity at baseline were
graded with the Osteoarthritis Research Society International (OARSI) atlas.
Results: Progression of JSN was observed in 31 (28.4%) of 109 OA knees. In the sub sample of 48 (44%) OA knees with satisfactory MTP
alignment on baseline and 24-month radiographs, 18 (37.5%) knees progressed. Stronger (statistically signiﬁcant) associations were found
between sex, generalised OA, JSN and osteophyte severity at baseline and progression of JSN in the sub sample of radiographs with serial
satisfactorily MTP alignment than in all radiographs together.
Conclusion: Insufﬁcient quality of MTP alignment on serial radiographs could prevent detection of associations between baseline character-
istics and progression of JSN in knee OA. These ﬁndings may have implications for longitudinal knee OA studies using the ﬁxed-ﬂexion
protocol.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Several radiographic protocols have been developed in
order to standardise the radioanatomic position of the
knee, leading to improved short-term reproducibility of joint
space width (JSW) measurements in sequential radiographs
compared to conventional anterioreposterior (AP) views1. In
addition to standardised repositioning, serial satisfactory
parallel alignment (superimposition of1 mm) of the anterior
and posterior margins of the medial tibial plateau (MTP) on
serial radiographs is necessary to achieve greater sensitivity
to change compared to radiographs in which alignment of
the MTP was not achieved in one or both radiographs2.*Address correspondence and reprint requests to: Dr Stella
Botha-Scheepers, Leiden University Medical Center, Department
of Rheumatology, C01-R, P.O. Box 9600, 2300 RC Leiden, The
Netherlands. Tel: 31-71-5263598; Fax: 31-71-5266752; E-mail:
S.A.Scheepers@lumc.nl
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272The effects of MTP alignment on associations between
baseline patient characteristics and joint space narrowing
(JSN) in knee OA have been reported using serial conven-
tional standing AP knee radiographs2. Stronger associations
were observed between JSN and age and body mass index
(BMI) in satisfactorily aligned serial pairs of radiographs than
in pairs in which MTP alignment was not uniform. Poor
standardisation of knee positioning in serial standing AP
knee radiographs in previous studies may have lead to er-
rors in measurement of JSW due to uncontrolled longitudinal
changes in the radioanatomic position of the knee. This may
have caused an underestimation of the strength of these as-
sociations or may have hindered detection of associations
between predisposing factors and OA progression. Under-
standing of this issue may increase our knowledge of the
natural history and predisposing factors for knee OA pro-
gression and is necessary for OA clinical trials.
The present study evaluates the effect of MTP alignment
on the capacity to detect associations between baseline
273Osteoarthritis and Cartilage Vol. 16, No. 2characteristics and knee OA progression over a 2-year fol-
low-up period using serial non-ﬂuoroscopic ﬁxed-ﬂexion
knee radiographs. Baseline characteristics that were inves-
tigated included patient characteristics as well as general-
ised OA and knee OA characteristics.MethodsSTUDY DESIGN AND PATIENT SELECTIONPatients are participants of the Genetics, Arthrosis and Progression
(GARP) study, a prospective longitudinal cohort study, aimed at identifying
determinants of OA susceptibility and progression. The study is based on
sib pairs of white Dutch ancestry with symptomatic OA at multiple sites
and was approved by the Medical Ethics Committee of the Leiden University
Medical Center.
Details of recruitment, selection procedures and inclusion into the GARP
study have been described3. Probands (aged 40e70 years) and their sib-
lings, with OA at multiple sites in the hands or at two or more of the following
joints sites: hand, spine (cervical or lumbar), knee or hip were included after
giving informed consent. Sibling pairs with at least one subject with symp-
tomatic hip or knee (but not radiological end stage disease) OA were eligible
for the 2-year follow-up study.
Patients with secondary OA, familial syndromes with a Mendelian inheri-
tance pattern or a shortened life expectancy were excluded. In the present
study, patients without symptomatic knee OA (deﬁned as pain or stiffness
on most days of the preceding month and osteophytes at joint margins of
the tibiofemoral joint) in at least one knee at baseline were also excluded.RADIOGRAPHIC PROTOCOLThe standardised non-ﬂuoroscopic ﬁxed-ﬂexion protocol was used to ob-
tain posterioreanterior (PA) weight-bearing knee radiographs at baseline
and after 6 and 24 months4. Uniform anatomical alignment of the knees
was facilitated by the use of a speciﬁcally designed positioning frame. A sin-
gle experienced radiographer took all the radiographs using a ﬁxed ﬁlm-
focus distance. For the assessment of radiographic severity of knee OA at
baseline, all knee radiographs were scored by a single musculoskeletal radi-
ologist for medial tibiofemoral JSN and medial tibial and femoral osteo-
phytes, graded (0e3) with the OARSI atlas5.MEASUREMENT OF JSWMinimum JSW of medial tibiofemoral joint spaces was measured by one
trained examiner from digitised radiographs using a manual technique. All
knee radiographs were digitised using a ﬁlm digitiser at a resolution corre-
sponding to a pixel size of 0.1 mm. Points of digital callipers of a medical im-
aging program (Ortho-CMS, Medis, Leiden) were placed on the distal convex
margin of the medial femoral condyle and the superior margin of the brightFig. 1. Quality of alignment of MTP and central X-ray beam. (A) Satisfact
ment of the anterior and posterior mradiodense band of the medial tibial subchondral cortex at the perceived nar-
rowest point of the joint space with the help of the computer mouse. Subse-
quently, the distance in millimetres was calculated by the imaging program
and shown on the screen next to the callipers. All images of a single patient
were measured concurrently, with landmarks, but without knowledge of the
chronology.MTP ALIGNMENTThe degree of alignment of the MTP and the X-ray beam was assessed
by measuring the vertical distance between the anterior and posterior mar-
gins of the MTP (intermargin distance [IMD]). The IMD was measured in
the region where JSW was the narrowest with the same digital callipers men-
tioned above in the region where JSW was the narrowest as described by
Mazzuca6. Serial satisfactory MTP alignment was deﬁned as an IMD 1 mm
on both on baseline and 24-month knee radiographs (Fig. 1).PREDISPOSING FACTORS OF OA PROGRESSIONAt baseline, standardised questionnaires were used to record age (middle
age< 60 years and old age 60 years), sex and BMI (<30.0 and 30.0).
The presence of generalised OA characteristics (hand OA and number of
OA affected joint groups, calculated as the sum score of joint groups with
OA, including hands, knees, hips and spine) was assessed.STATISTICAL ANALYSESIf patients had bilateral knee OA involvement, both knees were used in
the statistical analyses. To take into account the intrafamily and intrapatient
effects, robust standard errors were computed using the cluster option of the
statistical program Stata, version 7.0 (Stata, College Station, TX). By using
the cluster option data were analysed as clusters of knees in different sibling
pairs. Robust standard errors were estimated from the variance between the
different sibling pairs. The variance within the sibling pairs and within the pa-
tients themselves were not used, due to a possible correlation within sibling
pairs or within patients, which will result in underestimation of the standard
errors, rendering signiﬁcance tests invalid. All knees with a knee replace-
ment at baseline or at 24 months were excluded from the present analyses.
The smallest detectable difference (SDD) was used as threshold for pro-
gression of OA in terms of JSN. It represents the smallest change that can be
reliably discriminated from the errors involved in both ﬁlm acquisition and
JSW measurement and permits distinction between patients with probably
true organic change and those without. The cut-off point was calculated in
a long-term reproducibility study using repeated radiographs with a 6-month
interval between examinations and was based on the 95% limits of agree-
ments. This analysis was performed in a random sub sample of 26 OA knees
without progression in medial JSN after 24 months, based on a semi-quan-
titative (0e3) evaluation of JSN. We assumed that in these knees no change
in JSW occurs over a relatively short period of 6 months. The SDD was cal-
culated as 1.96 the standard deviation (SD) of the difference between JSWory, deﬁned by an IMD of 1 mm; (B) unsatisfactory, with displace-
argins of the MTP of >1 mm.
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difference between JSW on repeated radiographs (6 month minus baseline
measurement) was 0.03 (0.32) mm and the SDD was 0.4 mm.
Associations between progression of OA in terms of JSN and baseline
characteristics were reported for all studied knees together and for the sub
samples of knees with satisfactory MTP alignment on serial radiographs.
Logistic regression analyses were used to estimate risks of OA progression.
Crude and adjusted odds ratios (ORs) with 95% conﬁdence intervals (CIs95)
were calculated for all baseline characteristics. Adjustments were made for
age, sex and BMI.ResultsPATIENT CHARACTERISTICSIn the present study, 87 patients with symptomatic knee
OA in at least one knee at baseline were included. Of these
patients, 83 (95.4%) completed the 24-month follow-up.
Baseline characteristics of these patients are shown in
Table I.KNEE CHARACTERISTICSAt baseline, one of the patients had a unilateral knee joint
replacement and symptomatic knee OA in the contralateral
knee, 52 patients had unilateral and 30 patients had bilat-
eral symptomatic knee OA. From the total number of 113
knees, four knees from four patients received a knee joint
replacement during the 24 months follow-up, which resulted
in 109 OA knees available for the longitudinal analyses. At
baseline, 48.6% of the 109 OA knees had medial JSN
grade 0 according to the OARSI atlas.PROGRESSION OF OAProgression of JSN larger than 0.4 mm was observed in
31 (28.4%) of the 109 OA knees. In the sub sample of 48
(44%) OA knees with satisfactory MTP alignment on base-
line and 24-month radiographs, 18 (37.5%) knees
progressed.PREDISPOSING FACTORS OF OA PROGRESSIONTable II shows the associations between baseline char-
acteristics and progression of JSN in all 109 OA knees
and in the sub sample of 48 OA knees with satisfactory
MTP alignment on serial ﬁxed-ﬂexion radiographs. Stronger
(non-signiﬁcant) associations were found between progres-
sion of JSN and age, obesity, presence of hand OA and
baseline tibial osteophyte score in the sub sample of knees
with serial satisfactory MTP alignment than in all knees to-
gether. Signiﬁcant associations between progression of
JSN and sex, number of OA joint sites, baseline JSN score
and femoral osteophyte score at baseline were detectedTable I
Baseline characteristics of 83 patients with symptomatic OA of the
knee
Women, no. (%) 67 (80.7)
Age, years, median (IQR) 59.6 (55.3e66.6)
BMI, kg/m2, median (IQR) 26.6 (24.9e29.8)
Prevalence of symptomatic OA*, no. (%)
Hand OA 52 (62.7)
Hip OA 19 (22.9)
Spine OA 68 (81.9)
*OA was deﬁned as pain or stiffness on most days of the preced-
ing month in combination with radiological evidence of OA.only in the sub sample of knees with satisfactory MTP align-
ment on baseline and 24-month radiographs.Discussion
The present study demonstrates the effect of MTP align-
ment of serial radiographs on the capacity to detect associ-
ations between baseline characteristics and knee OA
progression over a 2-year follow-up period in knees with
OA. When using the non-ﬂuoroscopically assisted ﬁxed-
ﬂexion radiography protocol, satisfactory serial MTP
alignment was achieved in 44% of the knees. Knee OA
progression showed stronger associations with age, sex,
obesity, generalised OA (presence of hand OA and number
of OA joint sites), JSN severity and medial femoral and tibial
osteophyte scores in knees with satisfactory serial MTP
alignment than in knees that were not properly aligned.
Previous studies, using AP knee radiographs, performed
without a precise radiographic protocol, were often unable
to detect risk factors for progression of knee OA. In these
studies, the strength and/or the signiﬁcance of the associa-
tions with predisposing factors, as well as biological markers
for disease activity, may have been underestimated due to
poor standardisation of the radioanatomic position of the
knee resulting in unsatisfactory alignment of the MTP on
serial knee radiographs.
One previous study in patients with knee OA reported on
the effect of MTP alignment in serial conventional standing
AP knee radiographs on associations between JSN and
three patient characteristics, age, sex and BMI2. In that
study only 14% of the knees showed satisfactory MTP
alignment in paired serial radiographs. In line with the pres-
ent study, larger (non-signiﬁcant) correlations between JSN
and baseline age and BMI were observed in satisfactorily
aligned serial pairs of radiographs than in unsatisfactorily
aligned pairs.
In a systematic review on prognostic factors of progres-
sion of knee OA, conﬂicting evidence for an association
was found for age and no evidence was found for female
sex as risk factors for OA progression8. In the present
study, the associations with age and sex, despite the small
number of men in our study, were stronger in satisfactorily
aligned serial pairs of radiographs. Some previous studies
on progression of knee OA have shown that obesity is
a risk factor for joint space loss9,10, whereas others have
not11,12. The present study showed that the association be-
tween obesity and knee OA progression was stronger when
satisfactory serial MTP alignment was achieved, which
might explain the conﬂicting results of previous studies.
Generalised OA appears to be associated with progression
of knee OA in terms of JSN9. Remarkably, in our study,
a signiﬁcant association between the number of OA joint
sites and progression of OA was only found in the sub sam-
ple of satisfactorily aligned knees, despite the small number
of knees in this sample.
Bruyere et al. investigated the association between base-
line JSW and JSN in a trial evaluating the effect of glucos-
amine over 3 years13. Patients in the placebo group with
less severe narrowing at baseline (highest quartile of
JSW) had a twofold increased risk of having a joint space
loss> 0.5 mm compared to those from the lowest quartile
of JSW at baseline. In the sub sample of satisfactorily
aligned OA knees in our study, knees with some degree
of baseline JSN were at higher risk for loss of joint space
compared to OA knees without JSN at baseline (grade 0).
This risk was higher in knees with grade 1 JSN than knees
Table II
Adjusted ORs for progression of JSN larger than the SDD in all 109 OA knees and in a sub sample of 48 OA knees with satisfactory MTP
alignment on serial fixed-flexion radiographs
Predisposing factors Progression in
all knees (n¼ 109)
Adjusted OR (CI95)* Progression in
sub sample (n¼ 48)
Adjusted OR
(CI95)*
Age
Old age 11/51 1 6/24 1
Middle age 20/58 1.8 (0.8e4.0) 12/24 3.0 (0.9e10.4)
Sex
Men 3/19 1 1/7 1
Women 28/90 2.4 (0.8e7.5) 17/41 4.7 (1.4e15.4)
Obesity
BMI< 30 19/81 1 13/40 1
BMI 30 12/27 2.3 (0.9e5.8) 5/8 2.9 (0.4e21.0)
Hand OA
No 10/40 1 5/17 1
Yes 21/69 1.2 (0.5e3.2) 13/31 2.1 (0.4e11.1)
OA joint sites, per increase
in site
e 1.1 (0.6e2.0) e 3.1 (1.2e8.3)
JSN score at baseliney
0 13/53 1 4/22 1
1 11/36 1.5 (0.5e4.2) 9/14 14.7 (2.6e82.4)
2e3 7/20 2.5 (0.7e9.3) 5/12 11.0 (1.3e90.7)
Osteophyte score, per increase in gradey
Femoral e 1.1 (0.6e2.0) e 3.9 (1.1e13.3)
Tibial e 0.8 (0.3e2.0) e 2.4 (0.6e9.2)
*ORs (CIs95) adjusted for age, sex and BMI.
yBaseline medial tibiofemoral JSN or osteophytes graded 0e3 with the OARSI atlas.
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phyte size on medial JSN has been studied by Felson
et al.14. The severity of baseline medial tibial and femoral
osteophytes increased the risk for medial JSN, assessed
with a semi-quantitative grading method. In the present
study, a signiﬁcant 3e4-fold increase in risk for loss of joint
space was found for baseline severity of medial femoral
osteophytes, again only in the sub sample with serial satis-
factory MTP alignment.
Even though the present study was performed in a single
centre with only one radiographer, serial satisfactory serial
MTP alignment was present in only 44% of the knees. Due
to this relative small number of knees, we had insufﬁcient
power to detect statistical signiﬁcant associations between
somepredisposing factors andJSNprogression.Since these
ﬁndings could have substantial implications on the conduct
and analysis of studies of knee OA progression, it should
be replicated in other data sets before advocating that this
type of analysis be required of future studies. In future stud-
ies, however, quality assessment by an independent ob-
server with evaluation of the degree of MTP alignment will
be essential. Furthermore, it may be helpful to understand
the factors that inﬂuence the quality of MTP alignment. In
the present study, we found that obesity and knee pain sever-
ity in OA knees might contribute to unsatisfactory alignment
of serial radiographs (data not shown). A possible explana-
tion may be that positioning of the knee using the ﬁxed-ﬂex-
ion positioning frame is more difﬁcult in obese and painful
patients. Further research is necessary to advise on possi-
ble modiﬁcations on the ﬁxed-ﬂexion protocol.
In conclusion, our ﬁndings suggest that insufﬁcient quality
of MTP alignment of serial radiographs could prevent detec-
tion of associations between progression of JSN and several
baseline characteristics. Evaluation of interactions between
predisposing factors, JSN and MTP alignment in future lon-
gitudinal studies in OA will improve our understanding andability to interpret results on associations between JSN and
predisposing factors for progression of knee OA.Acknowledgements
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